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I. Introduction

90

Contamination by radioactive substances particularly by Sr”~,
can inflict irreparable harm to the resources of the Globe Ocean
(1).

The research conducted up to this dey on radioactive
contamination of oceans was chiefly aimed at appralsing its hazards.
Nn the other hand, radioactive "tags" in the ocean have to be used
to obtain new data on the ,rocesses occurring in it.

The present peper deals with the results of dete rmination of
Srgo and CsI37 contents in the ocean water samples taken during
the oxX.,edltions of the research ships "Vityaz" and "Mikhail Lomonosov"™
in 1959-I962.

The determination of Srgo was effected by ‘{90 extracted from
carbonate precipitate of sea water. 'The chemical yield of Sr was
measured by the method of flame photometry. The content of 08137 in
the sea water was determined by cobalt nitrite precipitation with
the subsequent reprecipitation as bismuth icdide and chloroplatinate
Cs and by extraction as ferrocyanide compounds (2,3).

The activity of the isolated samples was measured on counters
with a background of about 1 count/min. (4,5) and on a low-background
gamma-gpectrometer with liquid scintillator (6).

Pacific Qcean

90 content in the waters

Tables I and II present the data on S5r
of the Pacific Ocean in I96I, i.e. after a two-year interval in
nuclear tests. It ia intereating to meke a comparison hetween these

resulta and the ones of early chbservations.

25 YEAR RE-REVIEW,
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In I9%4 local sites of radioactive contamination appearsd
on the surface of the Ocean near the proving grounds.

The concentration of Srgo in these areas attalned values up
to 5800 disintegrations/min, per I00 litres (7). For the laat
years reduction of the maximum values and general levelling of Sr
concentration in the surface waters of the Pacific Ocean was

90

ovgerved (8),

In I96I, as seen from table I, the original contamination
gites were found to be washed out due to horizontal and vertical
intermixing of waters and motion of radioactive nuclides in the
waters,

The maximum concentration of Sr90 in the surface layer of the
Ocean in I96I did not exceed I22 disintegrations/min per IO0 litres
and the mean value of the results for waters of the nothern

hemigphere amounted to 50+I0 disintegrations/min., per IOO litres.
Simultaneously with reduction of hetero geneity in Sr 0

distribution a further reduction of its mean concentration level
in the surface layer in the western pert of the Pacific Ocean is
observed.

Along with this, in the eastern part of the Ocean some
increase of concentration of CBI37 and consequently Sr9°
in the surface waters (I0). Hence, it appears that there was a
considirable shifting of Sr90 with waters in the west-east direction.

A two-years period was not sufficient for making equal the
concentration of Sr90 in the northern and southern hemispheres, In
the northern hemisphere waters in I96I it was almost twice hign
than in the southern hemisphere.

The most interesting problem on vertical distribution of
nuclear test producte in the Pacific Ocean remains up to the present
time poorly investigated,

The results given in table II allow to conclude that
characteristice of the vertical distribution of Srgo seem to differ
in various points of the Ocean, and concentration decrease with
depth occurs not always monotonously.

The speed at which radicactive contamination sirtes are washed
away reduction of Sr90 concentration in the surface waters of the
Pacific Ocean indicate that water exchange between various parts
of the Ocean in the northern hemisphere and between various depths

does not take place as slowly as believed befo.e.
384

was observed

-2-.
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Indian Ocean

The data on concentration of Srgo in surface waters of the
Indian Ocean are presented in tables ITI and IV.

The most typical feature of radinactive contamination of the
Indian Ocean is the more or less uniform distribution of Sr90 on
the surface of the Ocean up to 40° latitude South, The resultant
values of concentration fluctuate about 2414 disintegrations/min
per I00 litres. In view of the fact that the northern hemisphere
accounts for but an insignificent part of the area of the Indian
Ocean, the difference in the level of contamination of water in
the north and the south, observed in other oceans, could not
manifest itself here to the same extent.

The comparisonof concentration of Sr90 in the surface waters
with radioactive contamination of the air overwater layer in the
porth part of the Indian Ocean (II) indicated that mostly the
increase of fragment content in the air leads to the increase of
sr70 concentration in the water. This correlation, however, is
not absolute due to the complex mechanism of fragment migration in
the Ocean, which assumes predomination of one process or the other
depending on conditions.

It is well known that different density of radioactive fall-
out along the meridian is observed on the surface of land even
within one, in particular 6 the southern hemisphere (II), It may
be supposed that the density of radioactive fall-out on the surface
of the Indian Ocean also depends on the latitude, Then the data
of table IIT testify to the existence of a considerable exchange
of surface waters between various regions levelling of Sr9O
concentration, Biological factors as well as hydrological ones are
of great importance in Sr90 migration, Radiochemical analysis of
corals and shell-fish collected in shoal-water in various regions
of the northern part of the Indimn Ocean showed a considerable
increase of specific activity of Srgo' in comparison with that (per
I g. of stable Sr) in the surface waters; it indicates that there
is a reservoir of Srgo conservation in the Ocean due biological
precipitation of carbonates.

The specific activity of shell-fish was 98 disintegration/ min/g

of gtable Sr {average from I2 samples), of corals - 61
disintegraf};%t:ns/min/s of stable 5r(average from IO samples).

-3 -
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The determination of migration speed of Sr90 measurements
were made in the surface layer of globi gerina ooze taken in the
point 16°58' latitude north 6/° 30' longitude east at the depth
4000 m. The activity of Sr’’ was 5-6 disintegrations/min (100 g
of dry ground), This indi cates a rather high speed of vertical
migration of Sr90 being Jjust with biogenous character (skeletons
of plankton foraminifera).

Proceeding from these data one can speak of a notable vertical
transfer, The activityof Sr90 is observed practically at all
depths, The transfer coefficient is variable, the factors causing
this tranafer are of physicohydrological and biogenous character,

Atlantic Ocean

Table Y presents the results of determining the concentration
of Sr90 in the surface waters of the Atlantic Ocean for the period
between September 1959 and December [962,

However, in wiew of the fact that individual values in each
ocean region do not differ greatly from one another, an averaging
of the resulting data was made so as to trace the general nature
of Sr90 change concentration in the surface layer.,

Por the sake of comparison, published data refering to I954-
1958 were used (I2, I3, I4). The following pattern is given for
the northern part of the Atlantic Ocean:

1954 ~ 18 disintegrations/min per I00 1 (I2) single value
1955 - II2 (12) M-
1956 - I2 (12,13) -"-

1957 - IO (12,14)

1958 - 8 (14)

1959 =~ I6 (the present paper)
1960 - 21 -
first

months
1961 - I4

last

months
1961 -~ 23

of 1962-24
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These results lead to the conclusion that despite the
uninterrupted increase of deposited Srgo, the cpncentration of
Srgo in the aurface layer changes very aligihly.

0f interest is the increase in the last six months of I[96I
in connection with sharp rise in the intensity of the fall-out.

It may be presumed that the concentration of Srgo in the
surface layer of water rises during the periods of an increased
rate of fall-out and drops when the rate of fall-out diminishes,

There is no doubt thu; the absence of any substantial rise
0 .

in the concentration of 3xr”" in the nurface waters tesiifies tu
thie intensive removal of Srgo from the surface leyer of the (Ocean
to deerer layers.

In the waters of the tropical zone of the Atlantic Ocean, the
concentration of srd0 proved in I96T and I962 I 6 times lower than
in the waters of the northern part.

An appreciable rise in concentration in I962 as compared with
the first six months of I96I was exhibited there more vividly than
in the northern part.

In the first six months of I96I, several determinations of
the content of CsDT were made in the surface waters of the Atlentic
Oceen, The results are given in Teble YI. All the explored points,
with the exception of one, belong to the tropical part cf the Ocean.
The average value for the points amounted to 20 disintegrations/min
per I00 litres. In the same zone and for the same time period, the
concentration of SrgO (Table Y) amounted to 9 disintegrations/min
per 100 litres. The ratio of Ehese figures (2.2) quite approximates

thet of the activities of Csl>7 and Sr 0, peculisr of fission
products.

The resulte of measurements of Sr90 concentration of various
depths are given in Table YII. The surface layer down to 75-I00 m
90 in all horizons as in

the Indian Ocean. With a greater depth, the concentration, as a

generally has the same concentration of Sr

rule, diminislies tut not always unifcrmly.

This may occur where wsters at & depth may have come down
from the areas of a greater contaminsation, Sucl a drop in the
concentreticn cf Srgo in proportion to depth attests that the
spreading of this radionuclide to the depth is due not only to

turbulent diffusion, but also to other processes,
3gy
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The results given in the last column of Table VII indicate that
in & layer of water down to depths of 500 to I,000 m, the reserve
of Srgo at the explored points or the Uceun are rather greut, far
exceeling thone deponited on lund. Thin plenomenon should be taken
into account when esilmating the world reserve inventory of sr 20 (18).

Along with the open part of the Atlantic Ocean, samples of
watexr were also tsken in its closed sess: the Baltic 3ea, the
North Sea, the English Channel, the Mediterranean Sea, the Sea of
Marmora and the Black Sea. It has been esteblished tlwmt the con-
centxretion of Sr(:o in these seas is ailmost double that in the open
ocean at the same latitudes. Evidently this is accounted for by the
smal ler volume of the water mass accessible for the intermixing of
Srgo fallen out: the seas have no intensive exchange with less
contaminated tropical water masses,

Gonclusion

The resulta presented in this paper of determining radioactive
convtamination or the oceans cover rather great regions of the water
space of each of them. Nevertheless, the number of explored points
for these vast spaces should be considered quite insignificant.
Publication of additional works on studies of radioactive contamina-
tion of oceans will apparently permit to present a more deteailed
picture of radionuclide distribution.

From the data on the goncentration of Sr90 and its changes a
notable speed of exchange is observed. Vertical distribution of this
radionuclide indicates that it is difficult to regard deep waters
as being isolated from the surface.

The research of the years in future includes the task of
mastering the mechanism of horizontal and vertical transfer of
artificial radionuclides in aceans,

But it is already clear naow that the high speed of exchange
raises doubts regarding the possible burial of waste of the atomic
Industry end trensport in oceans.

3gh

* v
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Table I
Concentration of Srgo in the surface waters
of the Pacific Ocean in I961I

Coordinates sr?¥ act- 5770 acte

1Vity Coordinetes ivity
Latitude Iongitude dis/min Data dis/min

per I00 Latitude ILongitude per I00

litres litres

N E N
04913 128%9¢ 4347 12%1¢ I76g%6’
10%24° 13023+ 3gty 11%15°  176%16"
14°00° 130%321 3549 09%I1*  176°03"
17%0° 130%2? 4249 07%7»  175%7s
210131 130%5 124433 05%8+  176%04°
250319 130%58° 62411 03%8*  176°08"
29933 131°00° 4047 01%7:  176°06°
34954 1650271 21410 w0 176%02°

s w

N W 00%03*  176%07°
20059 1580111 57311 00°20*  176°07°
13%8* 1400259 79414 03%581  176°041

12%7> 140%38* 3246 08%i1+  175%7
10929 140°00° 2614 1094  176°00°
05%71 139%7° 204k 127 1759%9
00%00° 140°02° 64410 14%0*  176%08°
S w S E
05°02 139%4> 4348

17%0° 140°17° Ul 11%8*  170°20°
18904 148%3? 2146 08%6*  166°41°
13902 154°0L 1 3445 03%¢6*  162°0.°
0998 154°02° IS+4 N E
0698 154%021 37411 00%18' 1629301
05%3  ISHOIIr  onus 0I%2'  162%43
0u0041 154%91 54417 06°33*  161%57°
06%61  153%9° 53411 07°39*  161%5°
09%6 153%u4 54410 16250 160°0I°

384
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29,10 12%3 159°03" 296 08.I12 21%5' 1559350  244I4
30,10 13°02° 165021 2746 09.12 25%4» 151953y  127:IS
31.I0 1I3%5° 170021 3347 12,12 30100 I4IC27v  584lI
3oy
-8 -
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Table II

Concentration of‘Srgo in deep waters
of the Pacific Ocean, I961I

Data Coordinates Horizon Sr90 activity
mm disintegrations/
min per ICC 1

1309231 E.long 0 38 t 4

9.04,196I 10°24' n.lat
900 I,4 10
3000 4 * 4
12,04,194T 2I1°13* n.lat 130°45' E.long 0 124 * 33
900 g*I
5500 41
Jgs
-9 -
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Table III

Concentration of Srgo in the surfuace
weters of tle Indian Cceen

SrEC acl-~ Srgo act-

ivity ivity
Cocriinetes disg/min Data Coordinates dis/min

per IQ0 per I00

litres litres

S.lat E.long n,lat E.long.

8°00° 109%401 3042 14%4r  50%02° 2045
10%0°  10/°%40° 3643 11%11 52013 2548
7004 99%29 18+l 10%19* 53%14: 186
16%2*  9y%sg» 2241 9923+ 540569 2L +4
15%2*  104%02 3842 99331 579%08° 41410
239390 113%I> 28+2 15%23+ 58923 49410
3010 89%3» 1541 22023+ 59%3 1243
I0%9  90%8° 3613 22%9 62003 T4+2

15°03  62°%00 1543

n,lat. E.long

50159 549571 18+2 8%0+« 6.0 3245
S.lat, E.lomg. P50 62%6 2315

0%z 850199 23+2 S.lat  E.long.
16958  67%307 2042 0%s59  62933" 2I+5
80271 75%0 I5+1 n.lat  E.long.

n.lat.  E.long. 69590  65%7 284
69529 76%12° 6+1 19915+ 65%e? 2045
10%6°  75%8 541 0%0°+ 70%2° 2U+5

S.lat. E.long

S.lat E.lomg. 3%gs  73°10° 4149
3%02° 65902° 20+1 10%0* 70%9° 2I+7
80529 67°30° 1941 16%2» 70%8? 3617
15%6+ 679230 1741 2404+ 710171 3147
16°10°  52%20 612 30%u 71%2° 1849
14910 53%1° 1741 36%e6* 71°18° 8+3
n.lat.  E.long. 39%4s 71919 I9+4
59049 58907+ 3843 31%0°* 80935° 2346

14903 680179 4442 24%us 83003 1045
384
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Ve

61%1

E.%ong n.lat. E.long.

83931 18%03+ 90049
E(.)long . 90149 93940

83005’ 0%6* 929359

83°03°

87300' 01°%0°' 9%

86058' 5977 100%371

87002’ 13%00  104%9»
920021 8%10* 1049399
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Table IV

Concentration of Srgo in the deep waters
of tle Indian Cceun

—————re e o e —— et b bee M e m—

Data Coordinates Hoxrlizon Sr90 activity
mm disintegrations/min
pexr IOU litres

5.21.5¢ €%« 'S,1at. I109%°40' E.long. O 30 £ 2
300 25 2

5.21.59 I0°20' S.lat. TO7°40' E.long. O 36 %3
300C ety

6200 3¢

I7.12.59 30°21' s.1at 89°53* E.long 0 I5t1
100 20 £ 3

1000 4t

2I.12.59 16°09' S.lat 90°I8' E.long 0 36T
100 Imtr

1000 I0%1

4000 31

I0.0I.60 0%°22* S.lat 85°I9¢ 0 23 £ 2
100 24t

1000 I0¢r

19.01.60 8°27' s5,1at 75°50° 0 I5tT
47 16t

200 gtp

41

27.0I.60 6°52" n.lat 76°I2' E.long 61
6t1

gt
12.02,60 3°02' n.1at 65°20* E.long 20t

19.02,60 I5°56 S.1at 67°23' E.long

2.04,60 I4°03' n.lat 68%°I7' E.long
Jg 4
- 12 -
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Concentration of 8r9° in the aurface
waters of the Atlantic Ocean, I959-1962

Coordinates Coordinatea Srgoaet-
Latitude Longitude &féf,}‘;in Latitude longitude é&;x{in
pexr I00 per I00

litres litres

Data

1959 North atlantics 1961 n w

o -, one, I7.03 31%8'  10°34°

2I.09 36°52" 68° 12! I7.06 27%3" 30%3"

17.06 29%561 30%00!
average according to
observations in 1959 ........ I962 n w

26.12 33%59¢ 08°59¢

I960 n w

22.0I 45948 13956
23.0I 43°02! 21°04
24,01 37°33 37°49"
31.01 33°07° 50936
03.02 28°39: 62°18"
03.02 28°39¢ 62°18!
03.02 28°391 62°18"
10.02 27°03* 669251
13.02 28°14° 7620
16.02 31%57 78°181 Average according to
21.02 38%59! 71°59 obsexrvations of the first
23,02 37%°321 70°15 ¢ eix monthe of IS6I ....

04,04 54°52 13%51 " 27.08 41°371 36903
27.09 41°37¢ 36%03
13.09 37°33" 58937+
15.09 37933 58937 1
16.09 37°%s1! 58°07 1
17.09 37%s1 58209
1€.09 37%s51! 58° 07"
20.09 39%0291 629551
2I.09 39029 62°551

Average according to
cbservations at the end
of 1962 ......'.l.l..‘l

1961 n w

20.06 39°s55¢ 29%571
20.06 399571 169571
22.06 43°13 21°26"
25.06 50°10° 02%261

average according to observations

a
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7,09 399090 6295y 1
25,09 439200 529001
MLy 4550 519307
07.10 44°20" 52°1T"

Average according to
obgervations of the last
pix monthe of I96I ...vve.

1962 n w

20.I0 38%22! 10%16 1 29.05 I6°27'  30%r1!
25.I0 27°22° 14%07" 30.05 11%1800 3cteGt
24, T2 25°21 15°48 1 21.05 o947t 30%03¢
25.I2 29%04! 12939 03.06 04°04*  30%08!
196T n v 04.06 o1’°42'  30°w"
09.06 06°20 30°06 04.06 C1%42¢ 30°00*
09.06 06020| 30006' 0%.. 06 02002' 30000'
12.06 II°01" 29956 1 1962 S v
12.06 I1%00" 29% 1" I3.12 T6%2'  34%o0°"
15.06 20°01' 30%00° 13.12 16%2' 340"

15.06 21°24 3003
n  J

Average according to 16.12 04%35:! 27%271
obsexvations of the first six 12.12 00%c! 2527

nontlis of 1961 e e esecce s e 22012 1(4036' ?(,LJC'
Bquatorial atlantics 0 °
196X n w 23.I2 20’52 18°%40"

(o] (¢]
2,03 16058' 20029' Average according to
27.03 II 00! 815" observations at the end
04.04 00°17" 2¢°19? 0F TO62 uennnonnnn.. .
07.04 00°03' 15%4
1962 n
S v 22 10 20%29° n:z;.
II.04 00°2r’ 04%26 1 . X .
II.04 00°21' 04926 + 28.I0 14°09* 18°14°
02'05 10°03" 20933 1 3I.10 09°00'  I7°55¢
) 0I.IT 06°00' 18°10°
02.05 10°03' 20933 0 0
OBoII * 4
05.05 I17°17' 27°13 01805 I: I0
*> 2 o ' 0
07.05 20°0r1! 30%03 " . .
07.05 20°01' 30%03 ¢ I7.II1 02°00' 30°18'
20.IT 08°25' 34%p5:

2 .O 602 1l (¢ ]
9.05 16°25 338‘33 20,IT 08°25-  34%55%
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2r.1T 10%9*  38%5°
22,11 12%5*  31%0"
23.11 12%4* 3494
28,11 16%0°'  33%1
IT.12 22°14+  39%
II.12 22°714¢ 397

South atlantics

191§ W

IT1.05 23%3" 29941
12.05 29°58*  30%5"
12,05 29%1*  30°17"
12.05 29°%1*  30°17°
15.05 25°17*  40%00’
16.05 25%18° 3g%s5gs

Average
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Table VI

Concentration of CaI37 in the surface
waters of the Atlantic Ocean

Coordinates

e 137 activity

disintegrations/min per
I00 1

I9.03.1961

22,03,196I
7.04,1961

7.05.1961
31,05.1961

II,06,1I96I
15.06,1I96I

24°30°
20°27
0002
20°01"
09°46
10°59°
21°24 1

nelat 16571
n ” I7°50|
S.lat. I13°41'

" " 300071
" n 30002!

S.1lat, 29°57¢
" " 30003 1

e e 1

w.long

30
25
24

I7
8

20
22

average
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Table VII

Concentration of Sx~90 in the deep waters
of the Atlantic Ocean

Coordinates Horizon Sr90 act- Stooks of
m ivity Sr90 in the
dis/min explored
per I00 layer micro-—
litres curies/sq.km

4.04.6I1 00°I7'n.let 20°I9' w.long 13

5.04.61 16 6.2
4.04.61 17

4.04.61

7.05.6I 20°0I' S.lat 30°03' w.long

I2.06.6T Ir°or’ 299561 w,long

16.30.62 60°12" 01°39' w.long
20.10.62 38%22¢ 10°16" w.long
I8.10.62 4440 e®17' w.long
18.10.62 44%0" 9°I7" w.long
20,10,62 38%22¢ 10°16' w.long

26.10.61 20°29* n.lat I7°27"
31.10.62 IO_OOO" nolst 170551'

3I,I0,62 I0“00 n.lat I7°55'

08.II.62 01°%5" 18°10!
06.1T.62 o1%C" 18%00"
07T.II.62 00°5"* 18°%16°
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II.II.62 01°00' S.lat 25°I0' w.long O
100
500

28.I1.62 16%°00' S.lat, 33°2I' w.long O
100
800
17.12.62 00952 n.lat 25°27' w.long O
50
300

8 Approved For Release 2009/08/26 : CIA-RDP88-00904R000100110030-6
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